REMARKS 

In the Office Action mailed February 1, 2007, the Examiner rejected claims 54- 
62. By way of the foregoing, Applicants have canceled claims 54 and 62. 

I. Rejections under 35 USC 112 

The Office Action rejected claims 55-62 under 35 USC 112 suggesting that the 
specification, "does not reasonably provide enablement for base materials in general that 
are heat-crosslinkable." The Office Action goes on to suggest, "The specification on page 
4, lines 5 and page 5, lines 7-33 only discloses an epoxy resin among species of base 
material that is heat-crosslinkable. The other types such as thermoplastics and elastomer 
are not heat cross-linkable due to the lack of curable functionalities thereon." Applicants 
traverse this rejection on the grounds that the present application does provide 
enablement for heat-crosslinkable base material since the application discloses heat- 
crosslinkable materials other than epoxies and the skilled artisan would be able to 
formulate a variety of heat-crosslinkable base materials within the scope of the present 
invention. 

Applicants contend that the present application contemplates and enables a 
variety of heat-crosslinkable base materials. At page 3, lines 3-6, the application reads, 
"For example, and without limitation, a typical base material will include a polymeric 
material, such as an epoxy resin or ethylene-based polymer which, when compounded 
with appropriate ingredients (typically a blowing and curing agent), expands and cures 
in a reliable and predicable manner upon the application of heat or the occurrence of a 
particular ambient condition." The application, at page 5, lines 3-6, goes on to read, "It 
is contemplated that the base material may be formed of a variety of materials. For 
example, and without limitation, the base material may be formed primarily of plastics, 
thermoplastics, epoxy materials, elastomers and the like or combination thereof." As 
such the application contemplates a variety of heat-crosslinkable polymeric materials 
for the base material. 
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As admitted by the Office Action, the application discusses epoxy materials 

suitable for the base material at length. In addition, however, the application discloses 

elastomer based materials that are heat-crosslinkable and some particular materials that 

are commercially available from the assignee of the present application. In particular, the 

application, at page 5, lines 7-18, reads: 

In one embodiment, the base material may be elastomer-based. In such 
an embodiment, the base material may include or be primarily composed 
of elastomers such as natural rubber, styrene-butadiene rubber, 
polyisoprene, polyisobutylene, polybutadiene, isoprene-butadiene 
copolymer, neoprene, nitrile rubber (e.g., a butyl nitrile, such as carboxy- 
terminated butyl nitrile), butyl rubber, polysulfide elastomer, acrylic 
elastomer, acrylonitrile elastomers, silicone rubber, polysiloxanes, 
polyester rubber, diisocyanate-linked condensation elastomer, EPDM 
(ethylene-propylene diene rubbers), chlorosulphonated polyethylene, 
fluorinated hydrocarbons, combinations thereof and the like. In one 
embodiment, recycled tire rubber may be employed. Examples of suitable 
elastomer-based materials, which may be used as in the base material 
are sold under the product designations L2701, L2662, L2609 and are 
commercially available from L&L Products, Romeo, Michigan. 

Thus, the application generally and specifically contemplates heat-crosslinkable materials 
other than epoxies. 

Moreover, the skilled artisan will understand that there are several heat- 
crosslinkable materials that may be used in the practice of the invention of the present 
application and that those materials can be easily found. Applicants provide herewith 
Exibit A, which includes documentation of an easily found fast curing EPDM sold under 
the tradename VISTALON 2504, which could be employed as part of a heat-crossinkable 
material as well as an easily found curable acrylic elastomer sold under the tradename 
VAMAC, which could be employed as part of heat-crosslinkable material. As shown 
above, both EPDM and acrylic elastomer are discussed in the paragraph of the present 
application at page 5 line 7. Applicants also include herewith U.S. Patent 5, 534,347, 
which discusses heat curable polysiloxanes and it is noted that polysiloxanes are also 
mentioned in the present application. Thus, multiple heat-cross-linkable materials are 
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disclosed in the present application and are also additionally accessible to the skilled 
artisan whom could use them according to the teaching of the present invention. 

In view of the above and considering the knowledge of the skilled artisan, 
applicants contend that the application contemplates generally and specifically discloses 
multiple heat-crosslinkable materials for the base material. Applicants respectfully 
request that the rejection of claims 55-62 be withdrawn. 

The Office Action rejected claims 54 and 62. Without acquiescing in this rejection, 
Applicants have canceled these claims. 

By amending the application, the Applicants do not concede that the patent 
coverage available to them would not extend as far as the original claim. Rather, 
Applicants intend to file a continuation application to pursue the breadth of the claims 
as filed. Applicants believe that the Examiner has not made a sufficient showing of 
inherency of the teachings of the asserted prior art, especially given the lack of 
teachings in the cited references of the properties that Applicants have recited in their 
claims. 

Further, by the present amendment, it does not follow that the amended claims 
have become so perfect in their description that no one could devise an equivalent. 
After amendment, as before, limitations in the ability to describe the present invention in 
language in the patent claims naturally prevent the Applicants from capturing every 
nuance of the invention or describing with complete precision the range of its novelty or 
every possible equivalent. See, Festo Corp. v. Shoketsu Kinzoku Koqyo Kabushiki Co., 
62 USPQ2d 1705 (2002). Accordingly, the foregoing amendments are made specifically 
in the interest of expediting prosecution and there is no intention of surrendering any 
range of equivalents to which Applicants would otherwise be entitled. 
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CONCLUSIONS 



In view of Applicants' amendments and remarks, the Examiner's rejections are 
believed to be rendered moot. Accordingly, Applicants submit that the present 
application is in condition for allowance and requests that the Examiner pass the case to 
issue at the earliest convenience. Should the Examiner have any question or wish to 
further discuss this application, Applicant requests that the Examiner contact the 
undersigned at (248) 292-2920. 

If for some reason Applicant has not requested a sufficient extension and/or have 
not paid a sufficient fee for this response and/or for the extension necessary to prevent 
the abandonment of this application, please consider this as a request for an extension 
for the required time period and/or authorization to charge our Deposit Account No. 50- 
1097 for any fee which may be due. 



Respectfully submitted, 




Scott Chappie ' 
Registration No. 46,287 
DOBRUSIN & THENNISCH PC 
29 W. Lawrence Street 
Suite 210 
Pontiac, Ml 48342 
(248) 292-2920 



Customer No. 25215 
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[57] ABSTRACT 

Toner fusing rolls having an oil barrier layer composed of a 
substrate coated with a fluorocarbon-silicone polymeric 
composition which is obtained by concurrently curing a 
fiuorocarbon copolymer, a nucleophilic fluorocarbon-curing 
agent and a heat-curable polyfunctional poly(C!. 6 alkyl)phe- 
nylsiloxane polymer. 

20 Claims, No Drawings 
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FUSING ROLL HAVING A (CDT), before a thin coating of fluoroelastomer is applied. 

FLUOROCARBON-SILICONE BARRIER Similarly the fluoroelastomer layer must be exposed to CDT 

LAYER before a silicone surface layer is applied. Such treatment is 

inefficient and unacceptable adhesion of the current fluo- 
i of application Ser. No. 07/940,929, 5 roelastomer overcoats or interlayers is common and adds to 



filed Sep. 4, 1992, now abandoned. 

FIELD OF THE INVENTION 

This invention relates to toner fusing rolls and, more io 
particularly, to such rolls coated with a fluorocarbon-silicone 
polymeric composition. 

BACKGROUND OF THE INVENTION 

In certain electrostatographic imaging and recording pro- 15 
cesses, for instance, in electrophotographic copying pro- 
cesses, an electrostatic latent image formed on a photocon- 
ductive surface is developed with a developer which is a 
mixture of carrier particles, e.g., magnetic particles, and a 2Q 
thermoplastic toner powder which is thereafter fused to a 
receiver such as a sheet of paper. The fusing step commonly 
consists of passing the substrate, such as a sheet of paper on 
which toner powder is distributed in an imagewise pattern, 
through the nip of a pair of rolls, at least one of which is ^ 
heated. A persistent problem in this operation is that when 
the toner is heated during contact with the heated roll it may 
adhere not only to the paper but also to the fusing member. 
Any toner remaining adhered to the member can cause a 
false offset image to appear on the next sheet and can also iQ 
degrade the fusing member. Another potential problem is 
thermal degradation of the member surface which results in 
an uneven surface and defective patterns in thermally fixed 
images. 

Toner fusing rolls have a cylindrical core which may : 
contain a heat source in its interior, and a resilient covering 
layer formed directly or indirectly on the surface of the core. 
Roll coverings are commonly fluorocarbon polymers or 
silicone polymers, such as poly(dimethylsiloxane) poly- 



the overall cost of fabrication of such rolls. 

U.S. Pat. No. 4,264,181 discloses fusing members coated 
with a metal-filled elastomer surface obtained by nucleo- 
philic-addition curing of a mixture of a metal filler and a 
vinylidene fluoride-hexafluoropropylene copolymer. Mix- 
tures of the fluoroelastomers with silicone rubbers are also 
contemplated (Column 8, Lines 26-29) but no specific 
examples of suitable silicones are taught. The surface coat- 
ings are used in conjunction with functionally substituted 
polymeric release agents capable of interacting with the 



U.S. Pat. No. 4,853,737 discloses a roll useful in elec- 
trostatography having an outer layer comprising a cured 
fluoroelastomer containing pendant polydiorganosiloxane 
segments that are covalently bound to the backbone of the 



. There is still a need for coating compositions to provide 
a fusing roll with an intermediate oil-barrier layer which 
adheres strongly to a silicone elastomer layer, preferably 
without requiring CDT processing Df the underlying surface. 

SUMMARY OF THE INVENTION 

The present invention relates to multilayered fusing rolls 
provided with an underlying silicone elastomer layer coated 
with a strongly adhesive fluorocarbon-silicone based poly- 
meric composition which serves as an intermediate oil- 
barrier layer. 

The fusing roll of the invention comprises a cylindrical 
core coated with an underlying layer of a silicone elastomer 
:d by hi 



a mixture comprising a fluorocarbon polymer, a fluorocar- 
bon-curing agent and a curable polyfunctional polyCCj.g 

mers, of low surface energy which minimizes adherence of 40 alkyl)phenylsiloxane polymer. The concurrent curing of the 

toner to the roll. Frequently release oils composed of, for components of the polymeric mixture creates ai 

example, poly(dimethylsiloxanes), are also applied to the etrating network of the individually cured polymers, 

roll surface to prevent adherence of toner to the roll. Such The coating composition is obtained by compounding the 

release oils may interact with the roll surface upon repeated aforementioned polymeric components and the fluorocar- 

use and in time cause swelling, softening and degradation of 45 bon-curing agent with a fluorocarbon-curing accelerator and 

the roll. Silicone rubber covering layers which are insuffi- one or more fillers to form a uniform, dry, flexible composite 

ciently resistant to release oils and cleaning solvents are also suitable for dispersion in a solvent for thin coating applica- 

susceptible to anamination of the roll cover after repeated tions. 
heating and cooling cycles. 

Fusing rollers currently used in fusing toners can be of 50 
multilayered construction. A two-layer fusing roller fre- 
quently comprises a cylindrical core covered with a silicone 
elastomer layer and coated thereon a fluoroelastomer. Fluo- 
roelastomer surface layers, which have a propensity 



A coated fusing roll of the invention is provided with an 
oil-barrier layer which is obtained by coating an underlying 



interact with toners and cause premature offsets, are used 55 silicone elastomer, coated directly or indirectly on a cylin- 



with releasing oils and are resistant to penetration by the 
oils. A multilayered roll frequently comprises a cylindrical 
core, covered with a silicone elastomer coated with a fluo- 
te layer which serves as an oil-barrier 



drical core, with a composition formed by compounding a 
mixture comprising a fluorocarbon polymer, a fluorocarbon- 
curing agent, a curable polyfunctional polyCCj.g alkyl)phe- 
nylsiloxane polymer, one or more fillers and an accelerator 
lyer to preserve the underlying silicone elastomer, and 60 for promoting crosslinking between the curing agent and the 
coated on the fluoroelastomer layer a thin surface layer of a fluorocarbon polymer. The siloxane polymer is preferably 
silicone elastomer. The surface layer thus has the advanta- heat-curable and is cured concurrently with the fluorocarbon 
geous releasing properties of the silicone elastomers and polymer. 

offset is minimized. However, due to marginal adhesion of While not wishing to be bound by theory it is believed that 
fluoroelastomer layers to silicone elastomers, the inner sili- 65 the concurrent curing of the individual polymers of the 
cone elastomer surface must be first exposed to a high mixture results in an interpenetrating network of essentially 
voltage discharge, known as corona discharge treatment separately crosslinked polymers. That is, the network 
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formed by crosslinking the fluorocarbon polymer with the 
fluorocarbon-curing agent and the network formed by 
crosslinking of the polyfunctional siloxane polymer mesh ■ 
together to create an interpenetrating polymeric network. 
There are few, if any, bonds between the two networks. The 5 
presence of the silicone in the cured polymeric mixture 
provides a coating with improved adhesion to the silicone 
base while maintaining the excellent oil resistant character- 
istics of the fluorocarbon polymer. 

Fluorocarbon polymers and silicones tend to phase sepa- i 0 
rate under high shear or poor mixing conditions because, on 
a molecular level, they are incompatible and will not readily 
mix. Phase separation can be avoided by careful blending 
and compounding to form an intimate, homogeneous, solid 
mixture of the polymeric components and the addenda, such 
as the curing agent, accelerators and fillers. The solid 15 
composite thus obtained provides the conditions for forming 
an interpenetrating network. It is also found that on reducing 
the composite to fine particles and suspending them in a 
coating solvent, phase separation is avoided and, after 
coating and removing the solvent, a uniform solid layer is 20 
obtained. These novel composites are suitable for thin 
coating applications, such as solvent transfer coating and 
extrusion melt coating, however, they may also be molded 
or extruded to form articles and sheets of varying dimen- 
sions and thickness. 25 

In one aspect of the invention the mechanical mixing is 
carried out in a two-roll mill by compounding, for example, 
the fluorocarbon polymer, the siloxane polymer, the fillers 
and accelerator until a uniform, smooth sheet is obtained. 
The composite thus obtained is reduced to small particles for 30 
dispersing in a solution of the fluorocarbon-curing agent in 
a coating solvent. The particles are small enough to effect 
solution of the soluble components in less than about 5 
hours, thus minimizing gel formation for compositions 
having a tendency to gel rapidly. 35 

In another aspect of the invention, the fluorocarbon- 
curing agent is introduced to the compounding mixture 
whereas the siloxane polymer is withheld from the com- 
pounding process and added to the coating dispersion. n 

In yet another aspect of the invention, additional func- 
tionalized polydiorganosiloxanes, for example, silanol- or 
aminoalkyl-terrninated polydimethylsiloxanes, are added to 
the coating dispersion in small quantities to improve the 
wetting properties of the coating composition. 45 

Suitable fluorocarbon polymers of the invention include 
the vinylidene fluoride based fluoroelastomers containing 
hexafluoropropylene known comraercially as Viton A. Also 
suitable are the terpolymers of vinylidene fluoride, hexafluo- 
ropropylene and tetrafluoroethylene known commercially as 50 
Viton B or Fluorel FX 2530. Viton A and Viton B and other 
Viton designations are trademarks of E. I. dupont de Nem- 
ours and Company. Other suitable commercially available 
materials include, for example, vinylidene fluoride- 
hexafluoropropylene copolymers Fluorel FC 2174 and Fluo- 55 
rel FC 2176. Fluorel is a trademark of the 3M Company. 
Other vinylidene fluoride based polymers which can be used 
are disclosed in U.S. Pat. No. 5,035,950, the disclosure of 
.which is hereby incorporated by reference. Mixtures of the 
foregoing vinylidene fluoride-based fluoroelastomers may 60 
also be suitable. Although it is not critical in the practice of 
this invention, the number-average molecular weight range 
of the fluorocarbon polymers or polymers may vary from a 
low of about 10,000 to a high of about 200,000. In the more 
preferred embodiments, the vinylidene fluoride-based fluo- 65 
roelastomers have a number-average molecular weight 
range of about 50,000 to about 100,000. 



Suitable fluorocarbon-curing agents or crosslinking 
agents for use in the process of the invention include the 
nucleophilic addition curing agents as disclosed, for 
example, in the Seanor, U.S. Pat. No. 4,272,179, incorpo- 
rated herein by reference. The nucleophilic addition cure 
system is well known in the prior art. Exemplary of this cure 
system is one comprising a bisphenol crosslinking agent and 
an organophosphonium salt as accelerator. Suitable bisphe- 
nols include 2,2-bis(4-hydroxyphenyl) hexafluoropropane, 
4,4-isopropylidenediphenol and the like. Although other 
conventional cure or crosslinking systems may be used to 
cure the fluorocarbon polymers, fluoroelastomers preferably, 
for example, free radical initiators, such as an organic 
peroxide, for example, dicumylperoxide and dichloroben- 
zoyl peroxide, or 2,5-dimethyl-2,5-di-t-butylperoxyhexane 
with triallyl cyanurate, the nucleophilic addition system is 
preferred. 

Suitable accelerators for the bisphenol curing method 
include organophosphonium salts, e.g„ halides such as ben- 
zyl triphenylphosphonium chloride, as disclosed in U.S. Pat 
No. 4,272,179 cited above. 

Inert fillers are frequently added to polymeric composi- 
tions to provide added strength and abrasion resistance to a 
surface layer. However, for an intermediate layer, such as an 
oil barrier layer, inclusion of the inert filler may not be 
necessary. Omission of the inert filler does not reduce the 
adhesive strength of the layer. Suitable inert fillers which are 
optionally used for producing these composites include 
mineral oxides, such as alumina, silicate or titanate, and 
carbon of various grades. Nucleophilic addition-cure sys- 
tems used in conjunction with fluorocarbon polymers can 
generate hydrogen fluoride and thus acid acceptors are 
added as fillers. Suitable acid acceptors include Lewis acids 
such as metal oxides or hydroxides, for example, magne- 
sium oxide, calcium hydroxide, lead oxide, copper oxide 
and the like, which can be used alone or as mixtures with the 
aforementioned inert fillers in various proportions. 

The curable polyfunctional polyCC,^ alkyl)phenylsilox- 
ane polymers, useful in the practice of this invention, when 
cured concurrently with the fluorocarbon polymers, prefer- 
ably fluoroelastomers produce coatings which adhere 
strongly to silicone elastomer underlayers without corona 
discharge treatment (CDT) of the silicone elastomer surface. 
Such coated underlayers are suitable for use on fusing rolls 
as an intermediate oil-barrier layer. A thin, low energy 
surface layer of a silicone elastomer can be readily coated on 
the fluorocarbon-silicone barrier layer without CDT of the 
barrier layer. 



ble poly(CL 6 alkyl)phenylsiloxane poly- 
mers are heat-curable siloxanes, however peroxide-curable 
siloxanes can also be used with conventional initiators. Heat 
curable siloxane polymers include the hydroxy-functional- 
ized organopolysiloxanes belonging to the classes of sili- 
cones known as "hard" and "soft" silicones. Preferred hard 
and soft silicones are silanol-terminated polyfunctional 
organopolysiloxanes containing repeating units of the for- 



(R'^SiCVCa+b),, 
wherein, 

R 1 and R 2 are independently (C^ alkyl) or phenyl; and 

a and b are independently 0 to 3. 

Alkyl groups which R 1 and R 2 can represent include 
methyl, ethyl, propyl, isopropyl, butyl, sec.butyl, pentyl and 
hexyl. Preferred hard and soft silicones are those in which 
R 1 and R 2 are independently methyl or phenyl. 



5,534,347 



Both hard and soft silicones can contain various propor- 
tions of mono-, di-, tri- and tetra-functional siloxane repeat- 
ing units. The degree of functionality influences the hardness 
of the silicone. In general, the greater the functionality the 
harder is the silicone. However, the predominant influence 5 
on hardness is the ratio of phenyl to alkyl groups present. 
Preferred hard silicones are characterized by having a ratio 
of phenyl to methyl groups of at least about 1 to 1, preferably 
between about 1 and 2 to 1 . Soft silicones have a ratio of 
phenyl to methyl groups less than about 0.5 to 1, preferably 
no phenyl groups are present. Hard silicones generally have 
a number-average molecular weight (Mn) of less than about 
10,000, preferably less than about 4,000. Polyfunctional 
hard silicones of such molecular weights have a high level 
of crosslinking on curing which contributes to the hardness. 
Soft silicones generally have a number-average molecular 15 
weight of greater than 20,000, preferably greater than 100, 
000 which results in a low level of crosslinking on curing. 
Both hard and soft silicones can be used singly or as 
mixtures of silicones and, in addition, can contain minor 
amounts of one or more polyfunctional silicones having 20 
number-average molecular weights in the range of 1,000 to 
300.000. 

Particularly suitable silicones are the heat-curable silanol- 
terminated hard silicone copolymers comprising difunc- 
tional and trifunctional siloxane repeating units of the for- 25 
mulae, 



(R') 1 SiOandR' , Si0 ls 

30 

wherein R 3 and R 4 are independently methyl or phenyl 
provided that the ratio of phenyl to methyl groups is at least 
about 1 to 1. 

Exemplary hard and soft silicones are commercially avail- 
able or can be prepared by conventional methods. For 35 
example, DC6-2230 silicone and DC-806A silicone (sold by 
Dow Coming Corp.), are hard silicone polymers, and SFR- 
100 silicone (sold by General Electric Co.) and EC 4952 
silicone (sold by Emerson Cummings Co.), are soft silicone 
polymers. DC6-2230 silicone is characterized as a silanol- 40 
terminated polymethylphenylsiloxane copolymer containing 
phenyl to methyl groups in a ratio of about 1 to 1, difunc- 
tional to trifunctional siloxane units in a ratio of about 0.1 to 
1 and having a number-average molecular weight (Mn) 
between 2,000 and 4,000. DC 806A silicone is characterized 45 
as a silanol-terminated polymethylphenylsiloxane copoly- 
mer containing phenyl to methyl groups in a ratio of about 
1 to 1 and having difunctional to trifunctional siloxane units 
in a ratio of about 0.5 to 1 . SFR 100 silicone is characterized 
as a silanol- or trimethylsilyl-terminated polymethylsiloxane 50 
and is a liquid blend comprising about 60-80 weight percent 
of a difunctional pdlydimethylsiloxane having a number- 
average molecular weight of about 90,000 and 20-40 weight 
percent of a polymethylsilyl silicate resin having monofunc- 
tional (i.e. trimethylsiloxane) and tetrafunctional (i.e. SiOJ 55 
repeating units in an average ratio of between about 0.8 and 
1 to 1, and having a number-average molecular weight of 
about 2400. EC 4952 silicone is characterized as a silanol- 
terminated polymethylsiloxane having about 85 mole per- 
cent of difunctional dimethylsiloxane repeating units, about 60 
15 mole percent of trifunctional methylsiloxane repeating 
units and having a number-average molecular weight of 
about 21,000. 

The coating compositions of the invention adhere strongly 
to an underlying silicone elastomer without prior CDT of the 65 
elastomer surface. However, if desired, CDT can still be 
performed without loss of adhesive strength. In order to 



achieve the desired adhesive strength the coating composi- 
tion of the invention must contain a hard silicone, preferably 
at least 10 parts per 100 parts of the fluorocarbon polymer. 
Mixtures of hard and soft silicones can also be used and such 
compositions preferably contain at least 10 parts of the hard 
silicone and less than 25 parts of the soft silicone per 100 
parts of the fluorocarbon polymer. 

Preferred composites of the invention have ratios of 
siloxane polymer to fluorocarbon polymer between about 
0.1 and 10 to 1 by weight, preferably between about 0.2 and 
2 to 1. The composite is preferably obtained by curing a 
mixture comprising from about 30-70 weight percent of a 
fluorocarbon polymer, 30-60 weight percent of a curable 
polyfunctional polyCC,^ alkyl)phenylsiloxane polymer, 
1-10 weight percent of a fluorocarbon-curing agent, 1-3 
weight percent of a fluorocarbon-curing accelerator, 5-20 
weight percent of an acid acceptor type filler, and 0-30 
weight percent of an inert filler. 

Curing of the composite is carried out according to the 
well known conditions for curing vinylidene fluoride based 
polymers ranging, for example, from about 12-48 hours at 
temperatures of between 50° C. to 250° C. Preferably the 
coated composition is dried until solvent free at room 
temperature, then gradually heated to about 230° C. over 24 
hours, then maintained at that temperature for 24 hours. 

The rolls of the invention can be coated with the fluoro- 
carbon-silicone composite by conventional techniques. Sol- 
vent transfer coating techniques are preferred. Coating sol- 
vents which can be used include polar solvents, for example, 
ketones, acetates and the like. Preferred solvents for the 
fluoroelastomer based composites are the ketones, especially 
methyl ethyl ketone and methyl isobulyl ketone. The com- 
posites are dispersed in the coating solvent at a concentra- 
tion of between about 10 to 50 weight percent, preferably 
between about 20 to 30 weight percent and coated on the 
fusing member to give a 10 to 100 um thick sheet on drying. 
The coated article is cured under the conditions described 
above. 

In accordance with the present invention, the coated roll 
can be a multilayered fusing roll for fusing a thermoplastic 
toner image to a substrate such as a sheet of paper. When 
used with a fusing roll, the fluorocarbon-silicone composite 
of the invention can be applied to a silicone elastomer 
underlayer, for example, EC 4952 silicone to form an 
intermediate oil-barrier layer. A thin outer layer of a silicone 
elastomer is then applied to the composite. The underlying 
and outer silicone elastomers, which can be the same or 
different are selected from silicone elastomers used in con- 
ventional toner fusing roll applications, such as EC 4952 
silicone. Silastic E silicone and Silastic J silicone (sold by 
Dow Corning Corp.). 

The cured coatings of the invention have exhibited strong 
adhesion, without CDT, to adjacent silicone elastomer layers 
and have excellent oil-barrier properties, as indicated in 
examples hereinafter. 

The rolls produced in accordance with the present inven- 
tion are thus useful in electrophotographic copying 
machines to fuse heat-softenable toner to a substrate. This 
can be accomplished by contacting a receiver, such as a 
sheet of paper, to which toner particles are electrostatically 
attracted in an imagewise fashion with such a fusing mem- 



sufficient to fuse the toner to the receiver. 

The following examples illustrate the compounding, coat- 
ing, curing and testing of fluorocarbon polymer-silicone 



One hundred parts of Viton A fluoropolymer (a copolymer 
of vinylidene fluoride and hexafluoropropylene from E. I. 
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dupont de Nemours & Co.), 15 parts of lead mono-oxide, 20 
parts of Stainless Thermax N990 carbon black (from R. T. 
Vanderbilt Co.), 6 parts of 2,2-bis(4-hydroxyphenyl) 
hexafluoropropane and 2.5 parts of benzyl triphenylphos- 
phonium chloride were thoroughly compounded on a two- ? 
roll mill until a uniform, dry, flexible composite in the form 
of a sheet was obtained. 

The composite sheet was divided into small pieces and 
100 parts were dissolved in methyl ethyl ketone and com- 
bined with 72 parts of DC6-2230 polyfunctional poly(Ci. 6 >' 
alkyl)phenylsiloxane polymer (from Dow Coming Corp.) to 
form a 20 weight percent dispersion. The dispersion was 
then spray-coated on a cured silicone elastomer cushion 
(EC-4952 from Emerson Cummings Co.) without CDT, 
air-dried for 24 hours, heated to 450° F. (approx. 232° C.) 1 
over a 24 hour period, and cured for 24 hours at 450° E 
(approx. 232° C). The coating film was about 25 microme- 
ter dry thickness. 

Peel Test 

The cured coating was cut into strips for peel-testing on 
an Instron apparatus. An average peel strength of 1.52 oz 
(approx. 0.043 Kg) was obtained. A standard Viton A 
composite, coated on a EC-4952 silicone elastomer without 
CDT, has a lower peel strength, 0.46 oz. (0.013 Kg), well 
below the minimum acceptable peel force of 1.25 oz. (0.035 
Kg). 



EXAMPLE 2 

30 

One hundred parts of Viton A fluoropolymer, 15 parts of 
lead mono-oxide, 20 parts of Stainless Thermax N990 
carbon black, 2.5 parts of benzyl triphenylphosphonium 
chloride and 10 parts of DC6-2230 silicone were com- 
pounded on a two-roll mill until a uniform, smooth sheet 35 
was obtained. The composite sheet was divided into small 
pieces and 100 parts were dispersed in methyl ethyl ketone. 
2,2-Bis(4-hydroxyphenyl) hexafluoropropane (6 parts) was 
added to the dispersion to give a 20 weight percent disper- 
sion. The dispersion was applied to a silicone rubber mold. 40 
The silicone rubber mold was formed by injecting EC-4952 
silicone rubber into a clean, dry stainless steel mold. The 
rubber was cured for 24 hours, at room temperature and 
post-cured for 1 2 hours ramp to 41 0° E, and 48 hours at 410° 
F. in a convection oven. The rubber was allowed to cure to 45 
room temperature. Then the fluorocarbon-silicone disper- 
sion was spray-coated onto the silicone rubber base cushion 
without CDT, air dried for 24 hours, heated to 450° F. over 
a 24 hour period and cured for 24 hours at 450° F. The 
coating was about 25 microns thick when dry. 50 



EXAMPLE 3 

By following essentially the same procedure as described 
for Example 2, except that 25 parts of DC6-2230 silicone 5 
were added, a 20 weight percent methyl ethyl ketone dis- 
persion was obtained. The dispersion was applied to a 
silicone rubber mold as described in Example 2. 



An Instron Peel Test was performed using a peel rate of 
1 cm/min. The fluorocarbon-silicone barrier layer was 
peeled at an 180° peel angle from the coating by moving the 
upper clamp assembly. The silicone rubber layer was held 
stationary in the lower clamp. The peel force was measured 
for the slabs of Examples 2-4 and the results are recorded in 
Table 1. 



Preparation of a Fusing Roll Having a 
Fluorocarbon-Silicone Barrier Layer 

A cylindrical core was coated with a conventional silicone 
priming agent, the primed core was dried and blade coated 
with a layer of EC 4952 silicone elastomer (red rubber which 
was then cured to provide a resilient underlayer having a dry 
thickness of 2.5 mm. The roll was surface ground to size. 
The underlayer was ring coated with a 20 weight percent 
methyl ethyl ketone solution of a fluorocarbon-silicone 
composite prepared by compounding 100 parts of Viton A 
fluoropolymer, 15 parts of lead-monoxide, 20 parts of Ther- 
max N990 carbon black, 4.5 parts of 2,2-bis(4-hydroxyphe- 
nyl)hexafluoropropane, 2.5 parts of benzyl triphenylphos- 
phonium chloride and 50 parts of DC6-2230 silicone on a 
two-roll mill. A 25 pm layer was formed and the roll was 
cured under the conditions described in Example 1. The 
fluorocarbon-silicone layer was then ring coated with Silas- 
tic E (from Dow Corning Corp.) to give a 37.5 urn surface 
layer which was cured by ramping to 200° C. over 4 hours 
and heating at 200° C. for 12 hours. 

TABLE 1 



Peel Test for Exa 


mples 2-4 on EC 4952 si 


licone (No CDT) 




Para of Silicone 


Peel^tangtb 


Example ID 


Added in the Mill 




2 


10:DC6-2230 


1.23 (0.036) 


3 


25:DC6-2230 


1.41 (0.039) 




50:DC6-2230 


2.50 (O.07) 



EXAMPLE 6 
By following essentially the si 
for Example 2, using 50 parts of DC6-2230 silicone and 5 
parts of an a,co-(3-aminopropyI)-polydimethylsiloxane 
(Mn=8,000), a 20 weight percent methyl ethyl ketone dis- 
persion was obtained. The a,a>(3-aminopropyl)-polydirn- 
ethylsiloxane was prepared by conventional ring opening 
polymerization of octamethyltetrasiloxane in the presence of 
an end-capper l,l,3,3-tetramethyl-33-bis(3-aminopropyl)d- 
isiloxane. The dispersion was applied to a silicone rubber 
mold as described in Example 2. 



EXAMPLE 7 



EXAMPLE 4 



By following essentially the same procedure as described 
for Example 2, except that 50 parts of DC6-2230 silicone 
were used and 2,2-bis(4-hydroxyphenyl)hexafluoropropane 
was milled in during the compounding step. A 20 weight 



By following essentially the same procedure as described 

for Example 2, except that 50 parts of DC6-2230 silicone t „„ r . 

were added a 20 weight percent methyl ethyl ketone dis- 65 percent methyl ethyf ketone dfspersion waT obtatoedTne 

persion was obtained. The dispersion was applied to a dispersion was applied to a silicone rubber mold as 

silicone rubber mold as described in Example 2. described in Example 2. 
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EXAMPLE 8 



By following essentially the same procedure as described 
for Example 7, using 50 parts of DC6-2230 silicone and 
adding 5 parts of the a,co-(3-aminopropyl)-polydimethylsi- 
loxane (Mn=8,000) to the dispersion, a 20 weight percent 
methyl ethyl ketone dispersion was obtained. The dispersion 
was applied to a silicone rubber mold as described in 
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10 

Rolls of Examples 10-12 were tested for oil rt 
and compared to a roll coated with Viton A fluoropolymer 
over EC 4952 silicone (with CDT) and a roll coated with a 
single layer of EC 4952 silicone. The results are shown in 
5 Table 4. 



TABLE 4 



EXAMPLE 9 

By following essentially the same procedure as described 
for Example 7, using 50 parts of DC6-2230 silicone and 
adding 10 parts of SFR-100 polyfunctional polymethylsi- 15 
loxane polymer (from General Electric Co.) to the disper- 
sion, a 20 weight percent methyl ethyl ketone dispersion was 
obtained. The dispersion was applied to a silicone rubber 
mold as described in Example 2. 



In 350 cs PDMS CM (%) 



-0.35 
-0.33 
-0.30 



-0.32 
-0.21 
-0.23 
-0.15 
+6.72 



TABLE 2 



Peel Test for Examples 6-9 on EC 4952 (No CDT) 



Parts SFR-100 Peel Strength 

Added 25 TaMe 5.' 



Rolls provided with the coatings of the Examples 10-12 
were equivalent to Viton A fluoropolymer coated rollers with 
20 negligible weight loss or gain in air or oil. The uncoated EC 
4952 silicone control had a greater weight loss in air and 
absorbed a substantial amount of silicone oil. 
Rolls provided with the coatings of Examples 12 and 13 
tested for peel strength and the results are shown in 



EXAMPLES 10-16 

Two-layer fuser rolls were fabricated by ring coating 35 
fluorocarbon/silicone composites, prepared essentially as 
described for Examples 1-9, on a 90 mil (approx. 2.25 mm) 
EC-4952 silicone underlying layer, with or without CDT, 
and subsequently heat-cured as described in Example 1. The 
composition of the roll outer coating layers, based on 100 ^ 
parts of Viton A, are shown in Table 3. In some examples 
silanol-terminated soft silicone (SFR-100) or a,co-(3-ami- 
nopropyl)-polydimethylsiloxane (Mn=8,000) was added as 
a wetting agent to the coating solution to aid coating. 

TABLE 3 45 



Silicone Polymer/Fluid 
Added During Compounding 
(Parts) 



10:SFR-100 
10:SFR-100 



30:DC6-2230/20:SFR-100 
20:DC6-2230/30:SFR-100 
20:DC6-2230/50:SFR-100 



Life tests were run on several of the rolls of Examples 
10-16 to verify the improvement in adhesion to the under- 60 
lying layer. None of the rolls which were life-tested in a 
fuser assembly for fusing of color toners on paper receiver 
sheets for 13,000 to 36,000 copies showed any signs of 
delamination from the underlying layer, with or without 
CDT. A typical Viton A fluoropolymer barrier layer, with 65 
CDT, would have suffered various degrees of delamination 
after a similar fusing exercise with the color toners. 



Although the invention has been described in detail with 
particular reference to certain preferred embodiments 
thereof, it should be appreciated that variations and modi- 
fications can be effected within the spirit and scope of the 



What is claimed is: 

1. A coated roll comprising: 

a substrate, and coated thereon an underlying layer of a 
silicone elastomer, and coated on said silicone elas- 
tomer a barrier layer formed by curing a polymeric 
composition comprising: 

a fluorocarbon polymer, 

a fluorocarbon-curing agent; and 

a curable polyfunctional poly(Ci. 6 alkyl)phenylsiloxane 
polymer, and creating an interpenetrating network con- 
sisting essentially of separately crosslinked polymers, 
said fluorocarbon polymer, and said fluorocarbon-cur- 
ing agent form one said crosslinked polymer and said 
curable polyfunctional poly(Cj_ 6 alkyl)phenylsiloxane 



2. A coated roll according to claim 1, wherein said 
polymeric composition further comprises an accelerator for 
curing said fluorocarbon polymer with said fluorocarbon- 
curing agent. 

3. A coated roll according to claim 1, wherein said 
polymeric composition further comprises a filler. 

4. A coated roll according to claim 1, wherein said 
fluorocarbon polymer is a copolymer of vinylidene fluoride 
and hexafluoropropylene. 

5. A coated roll according to claim 1, wherein said 
fluorocarbon polymer is a terpolymer of vinylidene fluoride, 
hexafluoropropylene and tetrafluoroethylene. 
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6. A coated roll according to claim 1, wherein said 
fluorocarbon-curing agent is 2,2-bis(4-hydroxyphenyl- 
)hexafluoropropane. 

7. A coated roll according to claim 1, wherein said curable 
polyfunctional polyCC^ alkyl)phenylsiloxane polymer is a 5 
heat-curable polymer. 

8. A coated roll according to claim 7, wherein said 
heat-curable polymer is a hydroxy-functionalized polymer. 

9. A coated roll according to claim 7, wherein said 
heat-curable polymer is a hard silicone copolymer compris- 10 
ing repeating units of the formulae, 



(RViO and R'Sio,., 

wherein R 3 and R 4 are independently C U6 alkyl or phenyl, 15 
provided that the ratio of phenyl to Cj. 6 alkyl groups is at 
least about 1 to 1. 

10. A coated roll according to claim 9 wherein said hard 
silicone copolymer has a number-average molecular weight 
of less than 10,000 and a difunctional to trifunctional ratio 
of 0.1 to 1. 

11. A fusing roll comprising: 
a cylindrical core; 

an underlying layer of a cured silicone elastomer; 25 
a barrier layer, coated on said underlying layer, of a 
composition formed by curing a polymeric composi- 
tion comprising a fluorocarbon polymer, a fluorocar- 
bon-curing agent and a curable polyfunctional 
P°ly(Ci^ alkyl)phenylsiloxane polymer, and creating 30 
an interpenetrating network consisting essentially of 
separately crosslinked polymers, said fluorocarbdn 
polymer and said fluorocarbon-curing agent form one 
said crosslinked polymer, and said curable polyfunc- 
tional poly(C l 6 alkyl)phenylsiloxane polymer forms a 35 
second said crosslinked polymer; and 
an outermost layer of a cured silicone elastomer. 

12. A fusing member comprising: 

a substrate, and coated thereon an underlying layer of a m 
silicone elastomer, and coated on said silicone elas- 
tomer a barrier layer formed by curing a polymeric 
composition comprising: 

a fluoroelastomer; 

a fluorocarbon-curing agent; and 45 
a curable polyfunctional polyCCj.g alkyl)phenylsiloxane 
polymer, and creating an interpenetrating network con- 



12 

sisting essentially of separately crosslinked polymers, 
said fluoroelastomer and said fluorocarbon-curing 
agent form one said crosslinked polymer, and said 
curable polyfunctional poly(C,. s alkyl)phenylsiloxane 
polymer forms a second crosslinked polymer. 

13. A fusing member according to claim 12, wherein the 
ratio of said curable polyfunctional poly(C,_ 6 alkyl)phenyl- 
siloxane polymer to said fluoroelastomer is between 0.1 and 
10 to 1 by weight. 

14. A fusing member according to claim 13, wherein the 
ratio of said curable polyfunctional poly(Ci_ 6 alkyl)phenyl- 
siloxane polymer to said fluoroelastomer is between 0.2 and 
2 to 1 by weight. 

15. A fusing member according to claim 12, wherein said 
barrier layer further comprises fluorocarbon-curing accel- 
erator, acid acceptor type filler, and inert filler, wherein said 
barrier layer comprises 30-70 weight percent said fluo- 
roelastomer, 30-60 weight percent said curable polyfunc- 
tional poly(C,. 6 alkyl)phenylsiloxane polymer, 1-10 weight 
percent said fluorocarbon-curing agent, 1-3 weight percent 
said fluorocarbon-curing accelerator, 5-20 weight percent 
said acid acceptor type filler, and 0-30 weight percent said 
inert filler. 

16. A fusing member according to claim 12, wherein said 
fluoroelastomer is a vinylidene fluoride-based fluoroelas- 
tomer. 

17. A fusing member according to claim 12, wherein said 
"luorocarbon-curing agent is 2,2-bis(4-hydroxyphenyl- 



18. A fusing member according to claim 12, wherein said 
curable polyfunctional poly(C,_ 6 alkyl)phenylsiloxane poly- 
mer is a heat-curable polymer. 

19. A fusing member according to claim 18, wherein said 
heat-curable polymer is a hydroxy-functionalized polymer. 

20. A fusing member according to claim 19, wherein said 
heat-curable polymer is additionally a hard silicone copoly- 
mer comprising repeating units of the formulae, 

(R') 2 SiO and R'SiO,., 

wherein R 3 and R* are independently C,. 6 alkyl or phenyl, 
provided that the ratio of phenyl to alkyl groups is at 
least about 1 to 1 and having a difunctional to trifunctional 
ratio of 0.1 to 1. 
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— - Exxon™ Butyls 
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Vistalon EPM Copolymers 

Click to view ExxonMobil"' Vistalon"" web page. 
■ ' View Product Technical information 



Vistalon 404 {Embossed PE) 



Vistalon 404 {EVA Release) 
Specially designed for electrical insulation and jacketing. 
Also used for conveyor belting, miscellaneous molded goods, 
and plastics blending. Products exhibit high heat resistance, 
good electrical properties, outstanding ozone and weather 
resistance, and exce i 5 c a stance. 



Vistalon MDV 706 
Vistalon 706 is ethylene-propylene copolymer specifically 
engineered for use in automotive power transmission 
accessory drive belts. Besides offering good tear strength 
and flex-crack resistance, it outperforms chiorcprene 
rubber in heat aging resistance, and is a much lower cost 
alternative to hydrogenated nitrite rubber. Vistalon 706 is 
also widely used in other peroxide-cured thermoset 
applications. 



Vistalon 722 
This next generation EPDM material is designed for 
electrical applications, with tailored properties providing 
for improved cable flexibility in either extrusion or injection 
molding applications. As required by the application, it 
exhibits outstanding cleanliness. Sold in pellet form. 

€ N 1] Vistalon™ 878P 
Recommended for modifying polyolefins in the Plastics 
industry and for thermoplastics poiyolefin compounds. 



Vistalon EPDM Terpolymers 

(Oil Extended} 

„U # Vistalon" 3666B 

Oil extended grade of high molecular weight EPDM. Can be 
highly loaded with carbon black and oil to yield low cost, 



Adhesion 
Promoters 

Anti-Corrosion 
Agents 

Antioxidants 

Antfozonants 

Carbon Blacks 

Crosslinklng 



Cure 
Stabilizer 



finishing 

Fungicides 

High Performance 



Mineral Fillers 



Polymers 
(Thermoset) 
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; — * Exxon" Star- 
branched Butyls 



Hypaton® 
chlorosulfonated 
polyethylene 



[select 'Polymers' on the 
right hand navigation] 



rJeoprene 
polychloroprene 

)(rc ■> on the 
right hand navigation] 

Nipol® IR 
polyisoprene 



«F J Viton® 
fluoroelastomers 
[select 'Polymers' on the 
right hand navigation] 



fast extruding compounds. Used to produce low hardness 
articles, appliance gaskets, shock absorbers, resilient 
profiles, and hoses with excellent compression set. 
Compounds have low tension set and good snappiness. Can 
be blended with other Vistalon grades to enhance elastic 
properties. 



3*<; 



Vistalon 8800 
Oil-extended EPDM grade of high molecular weight with a 
low ethylene content and high diene level. Developed as a 
sponge grade to provide short mixing cycles and outstanding 
dispersion for compounding ultra soft profiles. 

Terpolymers 



*2 ■». 



Vistalon 1703P 
Designed for wire and cable insulation, this EPDM grade's 
low level of VNB diene, combined with the need for tower 
curative levels, results in an exceptionally low dissipation 
factor during aging compared to other leading dienes. Has 
and exceptional retention of physical properties. Sold in 
pellet form. 



...3 



Vistalon 2504 (EVA Release) 



Vistalon 2504 (PE) 
This low viscosity EPDM is recommended for molded goods, 
sponge, extrusions and low voltage electrical insulting 
materials. It is fast-curing, easy processing, and exhibits 
ozone heat, weather, sunlight and chemical resistance. It 
has good low temperature flex, good resilience, and low 
compression set, 



Vistalon 2727 
Recommended for use in calendered goods, as well as some 
plastic alloy applications, and inner-tube blends. 



Surfactants 5 
DispsTVint:; 



Waterbome 
Chemicals 



Trade Show 
Information 



Information 
Request 



• *K « Vistalon' 3702 
A metallocene catalyst based ethylene-propylene-diene 
terpolymers designed primarily for roof membrane 
applications. This polymer, a lower molecular weight analog 
of Vistalon 9301, has a low level of unsaturation, a high 
molecular weight, and a low level of crystallinity. Its 
molecular architecture has been specifically tailored to 
facilitate formulation, processing and conversion into 
thermoset roof membrane compounds, and is used in low 
slope flame retardant (LSFR) membrane applications. 



Vistalon 3708 
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«J Vistalon 3708P 

EPDM Polymer with intermediate Mooney viscosity, high 
green strength, high extrusion rate, and extra-high tensil 
strength. Maintains unusually good physical properties when 
highly extended. Used in medium and high durometer 
extrusion compounds for hose, weatherstrip and molded 



Vistalon 5601 (Bales) 



Vistalon 5601 (Pellets) 
High Mooney viscosity metallocene EPDM for molding and 
extrusion. Offers superior processing compared to typical 
narrow MWD grades for smooth and fast extrusions, 
improved mixing, mill handling and physical properties. 
Develops very high tensil strength during curing. Applicable 
for industrial and automotive hoses, extruded profiles and 
molding. Fast curing, with improved oil aged retention and 
cure bloom in compounds. 

^ Vistalon™ 6505 (EVA Release) 

3 3 SB Vistalon" 6505 (PE) 
Intermediate Mooney viscosity, very fast curing EPDM. Can 
be blended and co-vulcanized with most other commonly 
used elastomers. Has excellent comopression set and ozone 
resistance. Has good heat resistance, excellent adhesion to 
brass and polyurethane coatings. Used in sponge, gasket and 
molded goods. Performs as an antiozonant for high- 
unsaturation rubbers. 

» 



3 • 



Vistalon 7001 (Bales) 

^ Vistalon™ 7001 (Pellets) 

Intermediate Mooney viscosity, fast curing and fast 
extruding, tailored MWD high ethylene EPDM. Used in many 
applications including hose and tubing, electrical insulation, 
thermoplastic polyolefins, weatherstrip and molded goods. 



Vistalon 7500 
Fast curing grade recommended for molded and extruded 
goods application. Provides consistant quality of mixed 
compounds, with improved productivity of mixing, extrusion 
and molding. 

€ N ^ Vistalon" 7800 

i #/ 3 Vistalon" 7800P 
This grade's unique bimodal molecular weight distribution 
provides high rigidity and elasticity along with easy mixing 
for high-hardness end products. The high hardness and good 
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processability make it suited for co-extrusion of complex 
sealing shapes while its low dynamic viscosity favors flow in 
molding operations. Sold in pellet form. 

.8 i>W Vistalon™ 8600 

High molecular weight and very fast curing EPDM in 

especially suited for sponge applications. Also 

recommended for use in molded or extruded products 

applications. 

Vistalon™ 8731 

A polymer with a broad molecular weight distribution, 
moderate branching and low diene content, with low level 
of ionic impurity, for medium and low voltage electrical 
compounds. The branched architecture of this grade 
provides easy processing and smooth extrusions. The 
relatively low diene content provides excellent heat-aging 
properties. 

J§ <>i^ Vistalon" 9301 
A metallocene catalyst based ethyiene-propylene-diene 
terpolymers designed primarily for roof membrane 
applications. This polymer has a low level of unsaturation, a 
high molecular weight, and a low level of crystallinity. The 
molecular architecture of this polymer has been specifically 
tailored to facilitate formulation, processing and conversion 
into thermoset roof membrane compounds, and is used in 
standard membrane roofing formulations. 

Vistalon"" is a trademark of ExxonMobil Chemical 
Corporation. 
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